Objective: Multiscale entropy (MSE) is a recently proposed entropy-based index of physiological complexity, evaluating signals at multiple temporal scales. To test this method as an aid to elucidating the pathophysiology of Alzheimer's disease (AD), we examined MSE in resting state EEG activity in comparison with traditional EEG analysis. Methods: We recorded EEG in medication-free 15 presenile AD patients and 18 age-and sex-matched healthy control (HC) subjects. MSE was calculated for continuous 60-s epochs for each group, concurrently with power analysis. Results: The MSE results from smaller and larger scales were associated with higher and lower frequencies of relative power, respectively. Group analysis demonstrated that the AD group had less complexity at smaller scales in more frontal areas, consistent with previous findings. In contrast, higher complexity at larger scales was observed across brain areas in AD group and this higher complexity was significantly correlated with cognitive decline. Conclusions: MSE measures identified an abnormal complexity profile across different temporal scales and their relation to the severity of AD. Significance: These findings indicate that entropy-based analytic methods with applied at temporal scales may serve as a complementary approach for characterizing and understanding abnormal cortical dynamics in AD.
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Introduction
Electroencephalography (EEG) has been widely employed as a non-invasive clinical research tool for examining normal and pathologic neurophysiological temporal dynamics at a fine temporal resolution. Since brain activity is regulated by multiple couplings and feedback loops among multiple neuronal populations, its output signals exhibit complex temporal fluctuations, which are not simply attributable to noise but rather reflect nonlinear dynamical processes (Sporns et al., 2000; Tononi et al., 1998) . As such, nonlinear EEG complexity analyses have been successfully applied and provide a novel understanding of physiological processes in both healthy and pathological conditions (Stam, 2005) .
The neuropathology of Alzheimer's disease (AD) is characterized by generalized neuronal cell loss, neurofibrillary tangles, and senile plaques in different widespread brain regions, and these changes leads to cognitive and behavioral disturbance. How these neurobiological changes translate into functional disturbances can be understood in terms of a neocortical disconnection syndrome (Delbeuck et al., 2003) that results from local neuronal death and deficiency of neurotransmitters (Dringenberg, 2000) or altered long cortico-cortical association fibers (Kavcic et al., 2008) , rather than by a specific regional alterations. This cortical disconnection is supported by a large number of electrophysiological studies demonstrating a loss of functional interactions using well-established linear (Jeong, 2004) and nonlinear coherence measures (Jeong et al., 2001; Stam et al., 2003) . Although this cortical disconnection theoretically could give rise to increased complexity in electrophysiological signals, the nonlinear complexity measurements have been consistently found as complexity loss in EEG signals in AD (Jeong, 2004; Stam, 2005 
